The purpose of this paper is to investigate the impact of exchange rate volatility on exports among 14 Asia Pacific countries, where various measures to raise the intra-region trade are being implemented. The empirical tests, using annual data for the period from 1980 to 2002, detect a significant negative impact of exchange rate volatility on the volume of exports. In addition, various tests using the data for sub-sample periods indicate that the negative impact had been weakened since 1989, when APEC had launched, and surged again from 1997, when the Asian financial crisis broke out. Also, the test results show that the GDP of the importing country, the depreciation of the exporting country's currency value, the use of the same language and the membership of APEC have positive impacts on exports, while the distance between trading countries have negative impacts. JEL Classification: C2, F1, F3
Introduction
Since its establishment in 1989, the Asia-Pacific Economic Cooperation (APEC, hereafter) has worked "to reduce tariffs and other trade barriers across the Asia-Pacific region," 1 to boost trade in the region. However, the impact of exchange rate volatility on trade, which has been an important research agenda for many economies since the breakdown of the Bretton-Woods agreement in 1973, has been rarely discussed for the Asia-Pacific region.
Against this background, this present paper aims to investigate the impact of exchange rate volatility on exports in the Asia-Pacific region. In particular, this For example, De Grauwe (1988) and Secru and Uppal (2000, Ch. 6 ) present models showing an ambiguous relationship and Baccheta and Wincoop (2000) present a model showing no relationship. The empirical research of Baak et al. (2003) , Arize, Osang and Slottje (2000) , Chowdhurry (1993) , Kim and Lee (1996) and Peree and Steinherr (1989) report a negative relationship, while BahmaniOskooee and Payestech (1993) and Hooper and Kohlhagen (1978) report an insignificant relationship. These research results imply that the impact of exchange rate volatility varies depending on regions and periods. This paper examines the impact of exchange rate volatility on trade volumes in the Asia-Pacific region for the period of 1980-2002 in the context of gravity models, which have been "widely applied to empirical work in international economics" (Dell'Ariccia (1999) ) and have "a remarkably consistent history of success" in that area (Aristotelous (2001) ).
Specifically, this present paper estimates a gravity model (gravity model, hereafter) in which the dependent variable is the product of the exports of two trading countries, as in the paper of Dell'Ariccia (1999) . In addition, it also estimates a generalized gravity model as in the work of Aristotelous (2001)).
Different from a typical gravity model, the generalized gravity model (unilateral exports model, hereafter) puts not the product of the exports of two trading countries but the exports from one country to another as the dependent variable.
By doing this, the depreciation rate of the exporting country's currency value can be included as one of the explanatory variables affecting the volume of exports.
More specifically, the regression equation of this paper adopts, as the explanatory variables of the export volume, the GDP of the importing country, the depreciation rate of the exporting country's currency value (in the case of the unilateral exports model), the bilateral exchange rate volatility of two trading countries, their distance, a time trend and dummies for the share of the border line, the use of the same language, and the APEC membership. In addition, in the case of the unilateral exports model, considering that the export volume will also depend on various conditions of the exporting country, dummies for exporting countries are also included as an explanatory variable.
Finally, this paper performs not only simple OLS estimations, but also both fixed-effects and random-effects estimations.
The empirical tests using annual data for the period from 1980 to 2002 detect a significant negative impact of exchange rate volatility on the volume of exports in the Asia-Pacific region. In addition, the test results indicate that the GDP of the importing country, the depreciation of the exporting country's currency value, the use of the same language and the membership of APEC have positive impacts on exports, while the distance between trading countries have negative impacts.
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Of special interest is that the negative impact of exchange rate volatility turns out to be insignificant in the tests with the sample set covering the sub-sample period from 1989 to 1996 (post-APEC and pre-Asian financial crisis), while it turns out to be significant in other sub-periods, implying that the impact of exchange rate volatility is time-dependent and that it is significantly negative at least in the present time. This phenomenon is noticed regardless which estimation model is adopted.
The following section presents the models employed in this research, the definitions of the variables, and the data used in the analysis. The empirical test results are presented in section 3. The last section presents conclusions. 
The gravity model
The gravity model estimated in this paper is the following: Table 1-3 show, respectively, the countries sharing a border, the countries using the same language, and the date the countries joined the APEC.
The unilateral exports model
The unilateral exports model is quite similar to the gravity model presented in the previous section. It differs from the previous model just in four points. First, it puts not the product of the exports of two trading countries but the exports from one country to another as the dependent variable. Second, as a result, one of the explanatory variables is not the product of the GDPs of the two trading countries, but the GDP of the importing country. Third, the depreciation rate of the currency value of the exporting country against the currency value of the importing country is included as one of the explanatory variables. Lastly, because small countries are expected to export less than big countries if other things are equal, the dummies for exporting countries are included.
2 Accordingly, the unilateral exports model has the following specification: The subscripts i, j and t stand, respectively, for an exporting country, an importing country and time.
is the real exports from country i to country j at time t; GDP is the real GDP of an importing country j; is the depreciation rate of the exporting country's currency value; and (i = 2, 3, . ., 14) is the dummy for an exporting country. Other specifications are the same as in section 2.1.1.
The variables

Real exports
The real export from country i to country j ( ) in the unilateral exports model and the product of real exports ( ) in the gravity model are defined respectively as follows: 
Real GDP
The real GDP of a country j ( GDP ) in the unilateral exports model and the product of GDPs ( ) in the gravity model are defined respectively as follows: 
Real exchange rate volatility (VOL ) ijt
This present study applies the standard deviation of exchange rates as the measure of exchange rate volatility. According to Sercu and Uppal (2000) , the standard deviation is one of the major measures of exchange rate volatility. 
The test results
Expected signs of the coefficients
If the economic size (GDP in this research) of one country increases, then the country is expected to import more from foreign countries. Accordingly, in both the gravity model and the unilateral exports model is expected to be positive.
If the depreciation rate of the currency value of an exporting country rises, then the export volume of the country is expected to increase, implying the sign of will be positive in the unilateral exports model. However, as Sercu and Uppal (2000, Ch. 6) point out, "most empirical work fails to find a strong negative relation between exchange rate volatility and the volume of international trade." Asseery and Peel (1991) and Kroner and Lastrapes (1993) even report that the relationship may be positive. In addition, Frankel and Wei (1994) find that the impact of exchange rate volatility on trade is timedependent. According to them, the cross section data from 63 countries reveals a significant negative impact of the volatility in 1980, but insignificant impact in 1985. In addition, the data for the same countries reveals both positive andnegative values for the coefficient of the volatility in 1990, depending on model specifications.
In fact, as mentioned previously, theoretical papers (De Grauwe (1988) and Sercu and Uppal (2000) , for example) have also presented economic models showing both positive and negative impacts of exchange rate volatility on trade.
Baccheta and Wincoop (2000) show a general equilibrium model in which exchange rate volatility does not affect international trade. In this sense, the exchange rate volatility coefficient ( ) can be positive, negative or insignificant. 
The test results
The regression results of the gravity model are listed in Table 2 -1 for the simple OLS pooled data model, in Table 2 -2 for the fixed effects model and in Table 2 -3 for the random effects model. Since to include some dummy variables in the fixed effects model and the random effects model generate a near singular matrix in the regression equation, as shown in tables 2-2 and 2-3, some dummy variables are excluded in their estimations.
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Considering the finding of Frankel and Wei (1994) that shows the impact of exchange rate volatility is time-dependent, this present research splits the whole sample period into three sub-periods and performs the estimations with the data 5 One major reason is higher transportation costs.
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6 As a result, it is impossible to statistically compare the validity of the three models. Because the simple OLS model contains all the explanatory variables that are expected to affect trade in this paper, more focus will be given to the estimation results of the simple OLS model, hereafter. However, it should be noted that the three models have generated differences only quantitatively. They have produced the same results qualitatively. This will be discussed in more detail, later.
for the sub-periods along with the data for the whole period: the pre-APEC period The regression results for the simple OLS model, reported in Table 2 -1, show that the estimated coefficient values for GDP, distance, border, language, and APEC membership have expected signs and that they are significant and quite stable across different sub-periods.
In contrast, the coefficient for the border dummy is negative, contradicting our expectation. However, the negative sign of the border dummy does not necessarily mean that to share a border discourages trade. As shown in Tables 2-1 through 2-3, the coefficient for the distance is negative. Because the distance between two countries sharing a border will be relatively shorter, they are expected to trade more products. If this effect is non-linear rather than linear as is implicitly assumed in the regression equation, then the impact of border-sharing can show a negative sign.
Also, this negative sign may come from the peculiar trade pattern of the APEC member countries sharing borders. As Table 1 -2 shows, only three groups of countries share a border. Among them, Canada and Mexico share a border with the U.S., which is the biggest market for many APEC countries. If the gravity power of the U.S. is too big, then to share a border with the U.S. may not be a relative advantage. Also, the two countries, Indonesia and Malaysia, who share a border, have relatively small amount of trade between them, perhaps because they have similar export and import goods.
The impact of exchange rate volatility turns out to be negative and significant for the period from 1980 to 2002, regardless of incorporating fixed effects or random effects. However, the magnitude of the coefficient declines when fixed effects or random effects are incorporated in the regression.
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Of special interest is that the test results show the coefficient for the exchange rate volatility declines during 1989-1996 and rises back during 1997-10 7 Dell'Ariccia (1999) reports the same finding in his research on the European Union.
2002. In fixed effects models and random effects model, the coefficient for the volatility is not only relatively small but also insignificant. These figures strongly imply that the impact of exchange rate volatility is time-dependent. In addition, they imply exchange rate volatility matters in the Asia-Pacific region in the present time.
One point noticeable from the tables is that the coefficient for the APEC membership is significantly positive for the whole period regardless of the estimation method, but that it is insignificant for sub-period II in the fixed effects model and in the random effects model, while it is significant for the same period in the simple OLS model. It is not quite clear whether this difference comes from incorporating fixed effects of random effects in the estimation or from omitting some explanatory variables in the fixed effects and random effects models.
Considering the possibility of misspecification caused from omitting significant explanatory variables and the high and adjusted of the simple OLS model, it is not believed that the impact of the APEC membership is insignificant. Except for this, the three models show no qualitative difference in the estimation results. The coefficient for the depreciation rate, which could not be included in the gravity model, turns out to be positive as expected, except for the case of the fixed effects model in sub-period II. Also, it is significant in the whole period and in sub-period I, but insignificant in other times regardless of incorporating fixed effects or random effects. In fact, as in the case of the gravity model, the three models (the simple OLS model, the fixed effects model and the random effects model) generate only quantitative differences.
The estimates for other coefficients show the same pattern as in the gravity model. Especially, as in the gravity model, the impact of exchange rate volatility turns out to be negative, regardless of the time period or the estimation method. In addition, it declines in sub-period II and rises back in sub-period III. The fact that it is insignificant only in sub-period II is also found in the unilateral exports model as it was in the gravity model.
Conclusions
To determine the impact of exchange rate volatility on trade volumes in the Asia-Pacific region, this paper has estimated a gravity model, in which the dependent variable is the product of the exports of two trading countries, and a generalized gravity model (unilateral exports model) in which the dependent variable is the exports from one country to another.
The empirical tests using annual data for the period from 1980 to 2002 detect a significant negative impact of exchange rate volatility on the volume of exports.
In addition, various tests using the data for sub-sample periods indicate that the negative impact had been weakened since 1989 when APEC had launched and surged again from 1997 when the Asian financial crisis broke out. This phenomenon was found in the two models, regardless of incorporating fixed effects or random effects.
Also, the test results show, as expected, that the GDP of the importing country, the depreciation of the exporting country's currency value, the use of the same language and the membership of APEC have positive impacts on exports, and that the distance between trading countries have negative impacts. In contrast, contradictory to our expectations, it was revealed that to share a border did not boost trade in the Asia-Pacific region for the period examined. Notes: 1) Numbers in parentheses are t-statistics; 2) One asterisk indicates statistical significance at the 10 percent significance level, and two asterisks indicate statistical significance at the 5 percent significance level. Notes: 1) Numbers in parentheses are t-statistics; 2) One asterisk indicates statistical significance at the 10 percent significance level, and two asterisks indicate statistical significance at the 5 percent significance level. 
